Water temperature is given in degrees Fahrenheit (°F), which can be converted to degrees Celsius (°C) by the following equation: °C = (°F-32)/1.8. 
Abstract
Spatial and temporal distributions of specific conductance, boron, and phosphorus were determined in a sewage-contaminated sand and gravel aquifer near Ashumet Pond, Cape Cod, Massachusetts. The source of contamination is secondarily treated sewage that has been discharged onto rapid-infiltration sand beds at the Massachusetts Military Reservation since 1936. Contaminated ground water containing as much as 2 milligrams per liter of dissolved phosphorus is discharging into Ashumet Pond, and there is concern that the continued discharge of phosphorus into the pond will accelerate eutrophication of the pond. Water-quality data collected from observation wells and multilevel samplers from June through July 1995 were used to delineate the spatial distributions of specific conductance, boron, and phosphorus. Temporal distributions were determined using sampleinterval-weighted average concentrations calculated from data collected in 1993, 1994, and 1995. Specific conductances were greater than 400 microsiemens per centimeter at 25 °C as far as 1,200 feet downgradient from the infiltration beds. Boron concentrations were greater than 400 micrograms per liter as far as 1,800 feet downgradient from the beds and phosphorus concentrations were greater than 3.0 milligrams per liter as far as 1,200 feet from the beds.
Variability in distributions of specific conductance and boron concentrations is attributed to the history and distribution of sewage disposal onto the infiltration beds. The distribution of phosphorus concentrations also is related to the history and distribution of sewage disposal onto the beds but additional variability is caused by chemical interactions with the aquifer materials.
Temporal changes in specific conductance and boron from 1993 to 1995 were negligible, except in the lower part of the plume (below an altitude of about 5 feet above sea level), where changes in weighted-average specific conductance were greater than 100 microsiemens per centimeter at 25°C. Temporal changes in phosphorus generally were small except in the lower part of the plume, where weighted-average phosphorus concentrations decreased more than 1.3 milligrams per liter from 1993 to 1994. This decrease was accompanied by an increase in specific conductance.
High concentrations of phosphorus associated with low and moderate specific conductances possibly are the result of rapid phosphorus desorption in response to an influx of uncontaminated ground water. As a result of the cessation of sewage disposal in December 1995, clean, oxygenated water moving into contaminated parts of the aquifer may cause rapid desorption of sorbed phosphorus and temporarily result in high dissolved phosphorus concentrations in the aquifer.
INTRODUCTION
Secondarily treated sewage has been discharged onto rapid-infiltration sand beds at the Massachusetts Military Reservation (MMR), Cape Cod, Massachusetts, since 1936 ( fig. 1 ). The disposal of treated sewage on the military reservation has resulted in a plume of sewage-contaminated ground water in the underlying sand and gravel aquifer that extends, as defined by major constituents such as specific conductance and boron, more than 11,000 ft downgradient, or southward, from the MMR (LeBlanc, 1984a) ; the plume is known locally as the Ashumet Valley Plume. LeBlanc (1984b) reported that the eastern edge of the plume was discharging to Ashumet Pond, a kettle-hole lake about 1,700 ft downgradient from the infiltration beds.
Concern over the effect of contaminated ground water (particularly phosphorus in the water) discharging into Ashumet Pond on the ecology of the pond has prompted the study of phosphorus contamination in ground water upgradient from the pond. In 1993, the U.S. Geological Survey, in cooperation with the National Guard Bureau, began a study to assess the distribution of phosphorus in the aquifer near Ashumet Pond and to determine the hydrologic and geochemical controls on phosphorus transport in the aquifer (Walter and others, 1996) . Phosphorus concentrations were greater than 0.01 mg/L (as P) as far as 2,000 ft downgradient from the infiltration beds. Phosphorus concentrations were high (3 to 6 mg/L) in an area in the eastern part of the plume about 1,000 ft downgradient from the infiltration beds and directly upgradient from the pond ( fig. 2 ). Walter and others (1996) found that ground water from the plume discharged to the pond along about 700 ft of shoreline and that phosphorus concentrations in the pond-bottom pore water were as high as 2 mg/L. There is concern that continued discharge of phosphoruscontaining ground water into the pond, particularly at concentrations measured in the high concentration area upgradient from the pond, could accelerate eutrophication of the pond. However, the area of high phosphorus concentrations was defined by vertical water-quality profiles at only one site and little was known about the spatial extent of these high concentrations.
In June 1995, the U.S. Geological Survey began a second investigation into the distribution of phosphorus near Ashumet Pond. Specifically, the study determined the spatial distribution of phosphorus and the conservative constituents specific conductance and boron in the eastern part of the plume in more detail than previously reported and determined temporal changes in phosphorus, specific conductance, and boron from 1993 to 1995.
Purpose and Scope
This report updates and provides more detail for the delineation of specific conductance, boron, and phosphorus described in the 1993 USGS study near Ashumet Pond, and describes temporal changes in the three constituents from selected sampling sites from 1993 to 1995. The study focuses on the area of high phosphorus concentrations as measured in 1993 in the eastern part of the sewage plume in an area between the infiltration beds and Ashumet Pond ( fig. 2) .
Spatial distributions were determined using water-quality data from samples collected from June through July 1995 from observation wells and multilevel samplers. Temporal distributions were determined using data from 1993 (Walter and others, 1996) , data from a 1994 sampling event (Jennifer Savoie, U.S. Geological Survey, written commun.), and data collected during this study in 1995.
Background
Ground-water chemistry in the study area varies greatly between uncontaminated and sewagecontaminated water. Uncontaminated ground water in the study area typically has low pH, low specific conductance, and high concentrations of dissolved oxygen. Phosphorus concentrations typically are less than or equal to the analytical detection limit (0.01 mg/L), and iron and manganese concentrations are low. Concentrations of boron, a constituent commonly found in sewage as a result of cleaning agents and household and industrial chemicals, are less than 50 |J<g/L in uncontaminated ground water. The distribution of chemical constituents in the sewagecontaminated ground water varies according to geochemical conditions in the plume, distance from the infiltration beds, and the history of sewage disposal onto the beds. Sewagecontaminated ground water typically has higher pH and specific conductance, and higher concentrations of phosphorus and boron than uncontaminated ground water. The anoxic core of the plume contains no dissolved oxygen and high concentrations of dissolved iron. The anoxic core is surrounded by a suboxic zone that contains low but detectable dissolved oxygen, little or no dissolved iron, and may contain high concentrations of manganese and nitrate. LeBlanc (1984a) studied the sewage plume through extensive sampling and determined that the plume was more than 11,000 ft long, 2,500 to 3,500 ft wide, and 75 ft thick, and that it generally extended southward from the infiltration beds. The plume's path is affected by the direction of ground-water flow as well as the history of sewage disposal onto the infiltration beds. The bottom of the plume generally coincides with the contact between the coarse-grained sediments and underlying fine-grained sediments in the study area. The top of the plume is overlain by 20 to 50 ft of uncontaminated ground water derived from precipitation. Walter and others, 1996, fig. 21 ). LeBlanc (1984a) found an area of high dissolved phosphorus concentrations in the sewage plume that had migrated only about 2,000 ft downgradient from the infiltration beds in more than 40 years. Phosphorus transport is retarded by the processes of sorption and coprecipitation and therefore has migrated about onefifth as far as conservative constituents such as specific conductance and chloride. The disposal of sewage has created a reservoir of sorbed phosphorus on the aquifer sediments.
The eastern edge of the sewage plume discharges to Ashumet Pond about 1,700 ft downgradient from the infiltration beds. B.C. Jordan Co. (1988) and K.V. Associates (1991) investigated the water quality of Ashumet Pond and found that the pond was mesotrophic. They presented evidence that eutrophication was occurring, including algal blooms and fish kills, because of phosphorus loading to the pond from ground-water inflow. They concluded that the sewage plume was the largest source of phosphorus to the pond. Walter and others (1996) determined that high concentrations of phosphorus were associated with low to moderate specific conductance (less than 200 jiS/cm) along the eastern and western edges of the sewage plume. Laboratory column and batch studies of phosphorus sorption indicated that the high phosphorus concentrations could be the result of rapid phosphorus desorption in response to an influx of uncontaminated ground water into previously contaminated sections of the aquifer, following changes in the distribution of sewage disposal. Column experiments using aquifer sediments collected at the site showed that such phosphorus desorption events were relatively short-lived and suggested that desorption-related phosphorus concentrations in the aquifer may change rapidly; changes in phosphorus concentration are accompanied by changes in conservative plume constituents, such as specific conductance and boron. Sewage disposal onto the infiltration beds was discontinued in December 1995. In response to an influx of uncontaminated ground water, phosphorus that is sorbed onto aquifer sediments may become mobile, potentially increasing dissolved phosphorus concentrations in ground water (Walter and others, 1996) . Comparison of phosphorus with conservative plume constituents, such as specific conductance and boron, indicated that phosphorus concentrations in some parts of the aquifer, primarily downgradient from abandoned infiltration beds, could be the result of phosphorus desorption.
Hydrogeologic Setting
The study area is on a broad glacial outwash plain on western Cape Cod known as the Mashpee Pitted Plain (fig. 1 ). The outwash plain is bounded to the north and west by moraines, to the east by an adjacent outwash plain, and to the south by Vineyard Sound. Collapse structures and kettle ponds are located throughout the outwash plain. The deposits consist of gravel, sand, silt, and clay and are part of a large glacial-lake delta, with coarse-grained sediments overlying fine-grained sediments (Masterson and others, 1996) ; the contact between the coarse-and finegrained sediments is at an altitude of about 70 ft below sea level in the study area. The unconsolidated sediments are underlain by relatively impermeable, crystalline bedrock.
The ground-water-flow system of western Cape Cod is unconfined and ground water flows radially outward from a water-table mound to the north of the study area. The water-table mound has a maximum hydraulic head of about 70 ft above sea level. In the study area, ground-water flow is generally southward, and watertable altitudes range from 44 to 49 ft above sea level (Savoie, 1995) . Precipitation is the sole source of natural recharge to the aquifer, and ground-water discharges to streams and coastal embayments. Ground-water flow occurs primarily within the coarse-grained sediments; the saturated thickness of the coarse-grained sediments is about 120 ft in the study area.
Ashumet Pond, a kettle-hole lake formed as a collapse structure, has an average stage of about 44 ft above sea level and a maximum depth of about 60 ft. The pond, which has no surface inlet or outlet, exhibits a flow-through condition in which ground water discharges to the northern or upgradient part of the pond, primarily along the pond shore, and pond water recharges the aquifer from the southern or downgradient part of the pond. During periods of increasing pond stage, hydraulic gradients in the area between the infiltration beds and the pond increase and ground-waterflow directions shift eastward toward the pond (Walter and others, 1996) .
Introduction

METHODS OF INVESTIGATION
Ground-water samples were collected from new and existing observation wells and multilevel samplers at 16 sites ( fig. 3) . Each well site consists of 7 to 8 observation wells screened at different depths, and each multilevel sampling site consists of 1 to 3 multilevel samplers that contain 15 sampling ports each. The observation wells are constructed of 2.067-inch inside-diameter threaded-joint polyvinyl chloride (PVC) pipe with 2-or 5-foot-long 0.01-inchslotted PVC screens. Each multilevel sampler consists of 15 0.25-inch outside-diameter color-coded polyethylene tubes (LeBlanc and others, 1991) . The tubes extend from land surface down the inside of 1.25-inch inside-diameter PVC pipe and exit the inside of the PVC pipe through holes set at different depths. The open end of the tubes down-hole are screened with fine-meshed nylon fabric secured with stainless-steel wire. Physical data for wells and multilevel samplers used for data collection are presented in tables 1 and 2. The wells and multilevel samplers were installed with a drill rig using 3.25-inch (inside diameter) hollow-stem augers. A total of 297 water samples were collected in June through July 1995, of which 178 were collected from an existing network of 11 observation wells and 15 multilevel samplers. The remaining 101 samples were collected from 11 new observation wells and 6 new multilevel samplers. The remaining samples laboratory duplicates and field blanks were collected for quality assurance and quality control.
Ground-water samples were collected from observation wells using a Keck SP-81 1 submersible pump with an inflatable packer and filtered with 0.45-(im pore-size in-line Gelman capsule filters. Samples were collected from multilevel samplers using a GeoPump2 peristaltic pump and filtered with 0.4-(im pore-size in-line polycarbonate filters. For wells and multilevel samplers, a minimum of three casing volumes was evacuated before field parameters (specific conductance, dissolved oxygen, pH, and temperature) were measured and samples were collected. Iron and manganese samples were acidified in the field. Specific conductance, dissolved oxygen, and pH were measured at all sites, and temperature was measured only at observation wells. Specific conductance was measured using a Hach Model 44600 probe and meter. Dissolved oxygen was measured at all sites using Chemetrics dissolved-oxygen CHEMet ampoules. For wells, dissolved oxygen also was measured using a flow-through bottle and a Yellow Springs Instruments (YSI) Model 54 meter with a reel probe. For multilevel samplers, if the dissolved-oxygen concentration measured with the CHEMet was greater than 1 mg/L, a biological-oxygen-demand (BOD) bottle was filled and dissolved oxygen was measured using a YSI Model 54 meter and YSI dissolved-oxygen probe with attached stirrer. The pH was measured using an Orion pH electrode and a Beckman Model Phi II meter. The meter was calibrated using pH 4 and 7 standard buffers cooled to sample temperature. Temperature was measured with the YSI meter and probe used for dissolved oxygen. Ground-water samples were sent to the U.S. Geological Survey National Water Quality Laboratory (NWQL) in Arvada, Colorado, and were analyzed for phosphorus, iron, and manganese; boron was analyzed for a subset of the samples. At the NWQL, phosphorus was analyzed by automated-segmented flow colorimetry, iron and manganese were analyzed by atomic absorption, and boron was analyzed by direct current plasma atomic emission. Phosphorus results, when compared to results from 1993 (Walter and others, 1996) and 1994 (Jennifer Savoie, written commun.), suggested a bias produced by the combination of the preservation method and the NWQL analysis method for phosphorus in samples containing high concentrations of iron. The samples containing high concentrations of iron (greater than 1 mg/L) were sent to the U.S. Geological Survey in Menlo Park, California, and analyzed for phosphorus by inductively coupled plasma atomic emission spectroscopy.
SPATIAL DISTRIBUTION OF SPECIFIC CONDUCTANCE AND WATER-QUALITY CONSTITUENTS
The areal and vertical distributions of specific conductance, boron, and phosphorus were determined from water-quality data collected from observation wells and multilevel samplers from June through July 1995. The areal distributions were defined on the basis of the maximum concentration of these constituents at each sampling site. The area in which maximum phosphorus concentrations exceeded 0.1 mg/L in 1993 is shown on the maps (figs. 4, 6, and 8) for reference.
The vertical distributions of the same constituents are shown along three geochemical section lines ( fig. 3) . Section A-A' is a longitudinal section extending from the edge of the easternmost recently active sewage infiltration beds to Ashumet Pond. The section coincides with the general direction of ground-water flow and passes through the area of high phosphorus concentrations as measured in 1993 in the eastern part of the sewage plume. Section B-B' is a transverse section perpendicular to the general direction of ground-water flow and is about 1,000 ft downgradient from the eastern edge of the recently active infiltration beds. Section C-C' is a transverse section near the shore of Ashumet Pond about 1,700 ft downgradient from the beds. The westward extrapolation of lines of equal concentration (or conductance) in sections B-B' and C-C' (figs. 5, 7, and 9) is based on data collected in 1994 from sites west of the sections. Phosphorus concentrations relative to altitude of the sampling points for the 16 sites sampled from June through July 1995 are shown in appendix 1. Water-quality data for all chemical constituents are presented in tables 3 and 4.
Specific Conductance
Specific conductance is a measure of the ability of water to conduct an electrical current and is related to the concentrations of total dissolved solids in water (Hem, 1992) . The presence of any inorganic ion in ground water will increase conductivity. Although specific conductance is a nonspecific indicator of contaminated ground water, it is easily measured in the field and is useful in delineating the general location and dimensions of the sewage plume. Specific conductances typically are higher in sewagecontaminated ground water than in uncontaminated ground water.
Specific conductance of uncontaminated ground water in the study area generally is 50 to 80 jiS/cm. Specific conductance in effluent sampled from the sewage-treatment plant typically was about 500 jiS/cm in 1993 and 1994. The area of the plume with specific conductances greater than 300 |iS/cm was about 1,600 ft wide and extended beyond 3,000 ft downgradient from the center of the recently active infiltration beds in 1993 (Walter and others, 1996) . The maximum specific conductance at each of the sampling sites for June through July 1995 are shown in figure 4. Along the eastern edge of the sewage plume, specific conductance was greater than 300 |lS/cm from the beds to the shore of Ashumet Pond near site F300. Specific conductance was greater than 400 jiS/cm as far as 1 ,200 ft downgradient from the infiltration beds (to about Sandwich Road). Maximum specific conductance at the shore of Ashumet Pond ranged from 171 jiS/cm near the eastern edge of the plume to 386 |iS/cm in the center of the plume. Specific conductance was highest (525 jiS/cm) about 500 ft downgradient from the infiltration beds.
The vertical distribution of specific conductance is shown in figure 5 . Beneath Ashumet Pond, lines of equal specific conductance are inferred to bend upward toward the pond in section A-A' to illustrate the local effect of the pond on ground-water flow. The bottom of the sewage plume at the 100-jJ.S/cm line of equal specific conductance generally was at an altitude of about 70 ft below sea level. The apparent discontinuous nature of the conductance distribution is due partly to the location of the geochemical section A-A' near the eastern edge of the plume. A zone of specific conductance greater than 300 |iS/cm ranged in thickness from 10 to 40 ft along Ashumet Pond (section C-C'; fig. 5 ). The plume was overlain by as much as 15 ft of uncontaminated ground water derived from areal recharge, which acts to depress the plume below the water table with increasing distance from the infiltration beds. The uncontaminated ground water is characterized by specific conductance less than 100
Boron
The primary sources of boron in sewage are detergents and cleaning agents. Boron is a good indicator of the extent of the sewage plume because (1) boron concentrations are higher in sewage effluent than in uncontaminated ground water, and (2) movement of boron concentrations through the aquifer is conservative. LeBlanc (1984a) observed that boron movement in the sand and gravel aquifer was not significantly retarded by adsorption or chemical reactions. Boron concentrations generally are less than 50 jig/L in uncontaminated ground water in the study area, and were about 420 |ig/L in sewage effluent sampled in 1994 (Jennifer Savoie, written commun.). The maximum boron concentrations at each of the sampling sites for June through July 1995 are shown in figure 6 . Boron concentrations were greater than 300 |Hg/L from the infiltration beds to Ashumet Pond. The highest boron concentration of 440 |Hg/L was detected near Ashumet Pond, about 1,800 ft downgradient from the infiltration beds. Along the eastern edge of the plume, boron concentrations show a steep chemical gradient between the sewagecontaminated and uncontaminated ground water. This steep gradient is illustrated by the decrease in the maximum boron concentration from 380 |Hg/L at site F567 to 30 |ng/L at site F432 over a distance of only 250 ft. Maximum boron concentrations along Ashumet Pond ranged from 40 to 440 }lg/L.
The vertical distribution of boron is shown in figure 7 . The thickness of the zone containing boron concentrations greater than 300 |Hg/L ranged from 10 to 30 ft. Boron concentrations greater than 400 |ig/L do not appear in the longitudinal section A -A because the geochemical section is east of the center of the sewage plume. Boron concentrations are greater than 400 |Hg/L west of the longitudinal section near site F424 near Ashumet Pond (section C-C'; fig. 7 ). The bottom of the zone containing boron concentrations greater than 100 (Lig/L is at altitudes ranging from 30 to 45 ft below sea level. A zone of uncontaminated ground water, which is similar to that illustrated in the specific conductance profiles in figure 5 , overlies the plume. The overlying layer of uncontaminated ground water ranged in thickness from 0 ft near the infiltration beds to about 15 ft near Ashumet Pond. 
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Phosphorus
Phosphorus is a common constituent in sewage effluent that is derived from municipal and industrial wastes. Phosphorus is an essential nutrient for aquatic vegetation; algae depend on dissolved phosphorus and nitrogen for photosynthesis. An increase in concentrations of phosphorus or nitrogen discharging to surface-water bodies can produce algal blooms that may adversely affect the ecology of the water bodies. Phosphorus usually is the least abundant nutrient available in freshwaters and is thus a controlling or limiting nutrient on biological productivity. Phosphorus is therefore a major cause of eutrophication of water bodies.
Concentrations of dissolved phosphorus are high in only part of the sewage plume. The leading edge of the area of high phosphorus concentrations has migrated about one-fifth the distance of the leading edge of the conservative constituents in the sewage plume (LeBlanc, 1984a) . Phosphorus mobility in the aquifer is impeded by coprecipitation and adsorption processes. Phosphorus has a strong tendency to react with iron and aluminum in the aquifer to form insoluble phosphorus compounds. Phosphorus also has a tendency to adsorb onto metal oxides, particularly ferric and manganese oxyhydroxides, which typically coat sediment surfaces. The two processes remove phosphorus from solution and consequently retard the movement of phosphorus in the aquifer.
Dissolved phosphorus in ground water is in the form of orthophosphate (PO^"). Phosphorus concentrations referred to in this report are for orthophosphate reported in milligrams per liter as phosphorus. Dissolved phosphorus concentrations in uncontaminated ground water typically are less than 0.05 mg/L in the study area. Dissolved phosphorus concentrations were about 6.7 mg/L in sewage effluent sampled in 1980 (LeBlanc, 1984) and about 3.5 mg/L in effluent sampled in 1994 (Jennifer Savoie, written commun.). The distribution of phosphorus in the aquifer is affected by chemical interaction with the aquifer sediments and by the history and distribution of sewage disposal onto the individual infiltration beds.
Phosphorus concentrations exceeded 0.05 mg/L for a distance of 3,300 ft and exceeded 1.0 mg/L for a distance of 2,200 ft downgradient from the center of the eight infiltration beds active prior to December 1995 ( fig. 2) (Walter and others, 1996) . The maximum dissolved phosphorus concentrations at each of the sampling sites for June through July 1995 are shown in figure 8 . Dissolved phosphorus concentrations were greater than 1.0 mg/L from the infiltration beds to Ashumet Pond, and maximum phosphorus concentrations along the shore of the pond ranged from 0.7 to 1.8 mg/L. Dissolved phosphorus concentrations were greater than 3.0 mg/L as far as 1,200 ft downgradient from the infiltration beds (to about Sandwich Road). These high phosphorus concentrations were not detected beyond Sandwich Road; the maximum concentration south of the road was less than 2.0 mg/L at site F565. The highest phosphorus concentration in the study area was 4.6 mg/L at site F379 near the eastern boundary of the sewage plume, about 800 ft downgradient from the infiltration beds. Site F379 is in an area where dissolved phosphorus concentrations typically are high (greater than 3.0 mg/L). In 1993, this area of high phosphorus concentrations was about 1,200 ft long and 500 ft wide, and was centered about 750 ft upgradient from Ashumet Pond (Walter and others, 1996) .
The vertical distribution of dissolved phosphorus in 1995 is shown in figure 9 . The zone of ground water containing phosphorus concentrations greater than 3.0 mg/L ranged in thickness from about 7 ft near site F572 to 60 ft near the center of the plume. In the center of the plume, phosphorus concentrations as high as 4.6 mg/L were measured. At sites F379 and F567, a zone of low concentrations was present between zones of high concentrations. Along the shore of Ashumet Pond, the zone of ground water containing phosphorus concentrations greater than 1.0 mg/L was about 600 ft wide and ranged in thickness from about 15 to 50 ft. 
TEMPORAL DISTRIBUTION OF SPECIFIC CONDUCTANCE AND WATER-QUALITY CONSTITUENTS
Temporal changes in specific conductance, boron, and phosphorus were assessed at eight sites in the sewage plume using water-quality data collected during the current (1995) investigation and in two previous (1993 and 1994) synoptic sampling events in the sewage plume. The eight sites include three sites in the center of the area (where high concentrations of phosphorus were detected in 1993), three sites along the shore of Ashumet Pond, and two sites near the eastern edge of the plume. Sample-interval-weighted average concentrations and maximum concentrations were used to compare water-quality data from successive sampling events. The weighted averages were calculated by multiplying the concentration (or conductance) at a sampling port by the length of the interval extending from a point half way between the sampling port and the overlying port to a point one-half way between the sampling port and the underlying port. The sum of the concentration-interval products were divided by the total length of the sampled interval of the multilevel sampler to determine the weighted average concentration. In cases where sampling intervals at a site differed between 1993, 1994, and 1995, weighted averages for phosphorus and specific conductance were computed using only those sampling points where data were consistently collected in 1993, 1994, and 1995 . Boron data were collected only in 1994 and 1995. Weighted-average and maximum concentrations for dissolved phosphorus, specific conductance, and boron for 1993-95 are presented in table 5.
Specific Conductance
Specific conductances at the three sites near the center of the area of high phosphorus concentrations F343, F347, and F566 changed slightly from 1993 to 1995 ( fig. 10A ). The weighted-average conductances at site F343, which had the highest specific conductance in all three sampling years, increased slightly from 1993 to 1995. Weighted-average conductances at sites F566 and F347 downgradient from site F343 increased from 1993 to 1994, and decreased from 1994 to 1995.
Specific conductances also changed slightly at sites F424, F300, and F564 along Ashumet Pond from 1993 to 1995 ( fig. 105) . At site F300, the weightedaverage conductance decreased slightly from 1993 to 1995. The weighted-average conductance at site F424 decreased from 1993 to 1994 and increased slightly in 1995. The weighted-average conductance increased from 1993 to 1995 at site F564 near the eastern boundary of the plume.
Changes in specific conductance at the two sites near the eastern boundary of the sewage plume sites F432 and F567 differed in magnitude from 1993 to 1995 ( fig. 10Q . Site F432 is at the eastern edge of the plume and is characterized by low specific conductances. Weighted-average specific conductances at this site decreased slightly from 1993 to 1995; the maximum specific conductance decreased from 248 |nS/cm in 1993 to 161 n,S/cm in 1995. Site F567 is in an area of high phosphorus concentrations (4 to 6 mg/L) and relatively moderate specific conductances (about 200 ^iS/cm). Weighted-average specific conductances at this site increased from 187 \iS/cm in 1993 to 270 |iS/cm in 1994 and decreased to 209 |nS/cm in 1995. However, these changes were mostly in ground water below an altitude of about 5 ft above sea level. Weighted-average conductances in the upper part of the plume (altitude greater than 5 ft above sea level) increased only slightly; weighted averages in 1993, 1994, and 1995 were 246, 254 , and 265 fiS/cm, respectively. Weighted-average conductances in the lower part of the plume, where most of the change occurred (altitude less than 5 ft above sea level), however, increased from 151 |nS/cm in 1993 to 274 fiS/cm in 1994 and decreased to 171 ^iS/cm in 1995. The changes in specific conductance suggest that a pulse of more contaminated ground water migrated through the area at site F567 in 1994 and that ground-water chemistry may be changing rapidly in the eastern part of the plume. This part of the plume is downgradient from four abandoned infiltration beds; the origin of the pulses of uncontaminated and contaminated ground water at site F567 is unknown, but may be related to fluctuations in the position of the eastern boundary of the plume with time.
Boron
Boron data were collected only in 1994 and 1995 and are available for both dates only at selected multilevel sampling ports at each site. Boron data for the eight sites are shown in figure 11 . The vertical distribution of boron, which is a conservative plume constituent, was similar to the vertical distribution of specific conductance ( fig. 10 ). Weighted averages used for comparison were computed using only data from sites with boron data for 1994 and 1995. The weighted averages of boron at the eight sites showed little change from 1994 to 1995, although vertical distributions varied somewhat with time. Weighted averages at the three sites near the center of the area of high phosphorus concentrations F343, F347, and F566 decreased slightly from 1994 to 1995. At site F347, boron concentrations decreased considerably over the interval from an altitude of about 30 ft to about 10 ft above sea level, possibly the result of the injection of uncontaminated water into the aquifer nearby as part of a tracer test being conducted at the site in 1995. Along Ashumet Pond, weighted averages of boron remained the same at site F564 and increased slightly at sites F300 and F424. Near the eastern edge of the plume, weighted-average boron concentrations decreased only slightly at site F567 and remained the same at site F432. However, the vertical distribution at site F567 changed substantially, particularly in the upper part of the plume.
Phosphorus
Phosphorus concentrations in the center of the plume changed slightly from 1993 to 1995 ( fig. 12A ). The weighted average at site F343 decreased slightly from 1993 to 1995 (from 0.97 to 0.84 mg/L, respectively); however, weighted-average phosphorus concentrations between altitudes of about 20 above and about 15 ft below sea level decreased considerably from 1994 to 1995 (from 2.83 to 1.98 mg/L, respectively). The altitudes correspond to a horizon of geochemical reducing conditions in the plume where dissolved phosphorus is associated with high concentrations of dissolved iron (Walter and others, 1996) . Weighted averages at site F566 also decreased slightly from 1993 to 1995. At site F347, the weightedaverage concentration increased from 1993 to 1994, and decreased from 1994 to 1995.
Weighted-average and maximum phosphorus concentrations increased slightly at two of the three sites along Ashumet Pond ( fig. 12£) . At site F300, the weighted-average concentration increased from 0.48 mg/L in 1993 to 0.61 mg/L in 1994 and 0.70 mg/L in 1995. The maximum concentration at the site also increased; the maximum concentrations in 1993, 1994, and 1995 were 1.40, 1.69, and 1.80 mg/L, respectively.
Weighted-average concentrations also increased at site F424, which had weighted averages in 1993, 1994, and 1995 of 0.56, 0.71, and 0.72 mg/L, respectively. The slight increases in concentrations along the pond may be due to the arrival of high phosphorus concentrations that had been detected in the part of the plume upgradient from the pond in 1993 (Walter and others, 1996) . At the third site along the pond, site F564, near the eastern edge of the sewage plume, phosphorus concentrations decreased from 1993 to 1995. The weighted-average concentrations decreased from 0.29 mg/L in 1993 to 0.20 mg/L in 1994 and 0.18 mg/L in 1995. Maximum concentrations at the site also decreased; maximum concentrations in 1993,1994, and 1995 were 1.70, 0.94, and 0.73 mg/L, respectively. The low specific conductances associated with the dissolved phosphorus at site F564 ( fig. 10# ) suggest that the presence of phosphorus at the site may be the result of phosphorus desorption. The decreasing phosphorus concentrations at site F564 could indicate that phosphorus is gradually being flushed from the aquifer as desorption continues.
Phosphorus concentrations near the eastern boundary of the sewage plume changed considerably from 1993 to 1995 ( fig. 12Q . At site F567, the weighted average phosphorus concentration decreased from 2.51 to 1.66 mg/L from 1993 to 1994 and increased to 1.75 mg/L in 1995. The maximum phosphorus concentration decreased from 6.19 mg/L in 1993 to 3.12 mg/L in 1994 and increased to 3.70 mg/L in 1995. However, these changes were mostly in the lower part of the plume. Phosphorus concentrations in the upper part of the plume (above an altitude of about 5 ft above sea level) at site F567, which are associated with high specific conductances and probably represent phosphorus being transported with contaminated plume water, remained almost constant from 1993 to 1995; weighted averages in 1993, 1994, and 1995 were 1.58, 1.63, and 1.56 mg/L, respectively, and maximum concentrations for the same periods were 2.74, 3.12, and 3.00, respectively. However, phosphorus concentrations changed substantially in the lower part of the plume (below an altitude of about 5 ft above sea level). The weighted-average concentrations in the lower part of the plume decreased from 3.05 to 1.72 mg/L from 1993 to 1994 and maximum concentrations decreased from 6.19 to 3.12 mg/L. The weightedaverage and maximum concentrations increased in 1995 to 1.91 and 3.70 mg/L, respectively. The large decrease in phosphorus concentrations in the lower part Walter and others (1996) , which showed that phosphorus readily desorbs from aquifer sediments following the introduction of uncontaminated ground water and that desorptionrelated phosphorus in the sediment columns is transported through the columns as a transient, short-lived pulse. 'Average and maximum concentrations are reported for the complete multilevel sampler (total), for samples taken at altitudes greater than 5 feet above sea level (upper), and for samples taken at altitudes less than 5 feet above sea level (lower). 1993 1994 1995 A. In the center of the plume. A. In the center of the plume. A. In the center of plume. 
EXPLANATION
